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Two families of Porifera are represented in Lake Baikal, Russia: cosimepolitan Spongillidac
and cndemic Lubomirskiidae. Systematics and phylogeny of Lubomirskiidae are still poorly
known. Indeed, there is little agreement on the origin of freshwater sponges in general, and
this group is considered to be polyphylictic. Latest morphological and embryological data
indicate that Lubomirskiidae and Spongillidae are closely related. Using molccular data we
explored the possible origins of Lubomirskiidae and determined the closest relatives of
Spongillidae and Lubomirskiidae among marinc sponges. Partial sequences of 185 rDNA
for Halichondria japonica, Lubomirskia abietina, Swartschewskia papyracea, Spongilla
lacustris and Ephydatia muelleri were compared with available sequences of 18S rDNA of
other Porifera from the GenBank. I’armmony and nelghbour-Jomlng analyscs gave trees of
similar topology. Molecular data were in accordance with the notion of close relationships of
endemic and cosmopolitan families. Some marine sponge families are assumed to be related
to freshwater sponges.0 Porifera, Lake Baikal, Spongillidae, Lunbomirskiidae. 185 rRNA,
phviogeny, freshwater sponges.
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Three families ot Porifera inhabit freshwater:
Spongillidac, Lubomirskiidae and Potamolepi-
dae. The problem of the origin of endemic and
cosmopolitan freshwater sponges, their relation-
ships with each other and with marine sponges,
repeatedly attract thc attention of scientists.
Marshall (1885) suggested freshwater sponges
were polyphyletic, with Renieridae (Haplo-
sclerida) possibly being their closest marine
relative. The idea of a polyphyletic origin for
freshwater sponges was subsequently discussed
and emphasised by many authors. In describing
the genus Strerastrolepis, believed to be a Neo-
tropical representative of Potamolepidae,
Volkmer-Ribeiro & De Rosa-Barbosa (1978)
noted that the characteristics of its gemmoscleres
were too different to assign this family to Haplo-
sclerida. On the basis of gemmule structure,
gemmosclere and skeleton peculiarities, they
confirm Briens” (1970) assumption about the
close relationship of Potamolepidae with Hadro-
merida. They also favour the hypothesis of a
passive mechanism of invasion into freshwater
habitats by marine sponges, noting that endemic
freshwater genera (¢.g. Ochridaspongia, Pachy-
dictiumt, Lubomirskia) have been recorded from

ancient lakes, remnants from past sea levels, but
not from estuarics. Evidence for a hadromerid
origin of some freshwater sponges (Volkmer-
Ribeiro & Watanabe, 1983} is also provided by
the Japanese sponge Sanidastra yokotonensis.
Volkmer-Ribeiro (1990} also hypothesised that
the Neotropical genus Metania may be related to
the marinc poecilosclerid genus Acarnus.
Conversely, Racek & Harrison (1975), using
palacontologic data, suggest that Spengillidae
was monophyletic having evolved from Radio-
spongilla stock.

The endemic family Lubomirskiidae, inhabit-
ing Lake Baikal, has approximately 10 species
belonging to 3 genera: Lubomirskia, Baikalo-
spongia and Swartschewskia (Rezvoi, 1936). At
present the systematics and phylogeny of this
family is still poorly known. The history of study
on the origin of Lubomirskiidae shows a number
of contrary opinions. Dybowsky (1882),
Swartschewsky (1902), Annandale (1913) and
Rezvoi (1936) believed Lubomirskiidac was
closely related to marine sponges and not to
Spongillidae, owing to their considerable morph-
ological differences. Later palaeontological
studies (Martinson, 1940) hypothesised that



Lubomirskiidae wcre representatives
of the mezolimnological fauna,
originating mueh later than the usual
palacolimnological tauna to which
Spongillidae belongs. In contrast to
these beliefs, the latest eomparative
morphological data indicate a close
relationship betwcen Spongillidae
and Lubomirskiidac (Efremova,
1981), supported by data on their loss
of sexual reproduction by gemmules
as an adaptive feature (Efremova,
1994). To solve contradictions in the
systematic and phylogenetic in-
terpretation of morphological data
rDNA analysis is now widely used
(e.g. Christen et al., 1991; Halanyeh,
1991). Although this method has been
succesfully used for some marine
sponge families (Lafay et al., 1992;
West & Powers, 1993; Kelly-Borges
& Pomponi, 1994) there are no prev-
ious studies on molecular phylogeny
of freshwater sponges. In this study
we apply partial 18S rDNA sequence
analysis, firstly to explore the origin
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TABLE 1. Classification of the species used in this study.

Classification

GenBank
accession number

Reterences

of Lubomirskiidae, and secondly to
obtain new data on the origin of fresh-
water sponges in general.

MATERIALS AND METHODS

Specimens of Lubomirskia abietina, Swarts-
chewskia papyracea, Spongilla lucustris and
Ephydatia muelleri were colleeted from Lake
Baikal (Russia) and specimens of Halichondria
Japonica were collected from Desaki scashore
(Japan) by SCUBA diving in depths between
0.5-13.5m. All specimens were photographed
alive. Data on ecology, habitat and texture were
recorded. Part of each sample was fixed in 70%
¢thanol for taxonomic identification, another part
was frozen in liquid nitrogen for molecular
analysis. Total genomie DNA extraction was
performed with standard phenol method
{Sambrook et al., 1989) and with CTAB method
(Gustincieh et al., 1991). PCR primer design was
performed by alignment of Porifera 18S rRNA
sequences availablc from GenBank (see Table 1).
As sponges harbour a large number of symbionts,
in addition to universal primers, sponge-specific
primers were also designed. The primers
correspond to the V4 and V5 regions of 18S
RNA: R1 (5-TAAAAAGCTCGTAGTTGGAT-3';
torward, universal, eorrespond to positions
629-647 in Axinella polypoides 185 rRNA

CNIDARIA: ANTHOZOA :
Farazoanth anel  rsroanthida) U42453 Cavalier-Smith, 1996
PORIFERA: DEMOSPONGIAE |
j‘jﬁ{ﬁgﬁ;ﬁgf‘f‘;{ﬁgﬂi dac) U43190 Cavalier-Smith, 1996
géﬂfggﬁggg;%eﬁ“idae) D15067 Kobayashi et al., 1993
R e e rocionidae) L10825 Wainright. 1993
(f{tllal{féﬁ)r:ﬂzﬁljgﬁ:ﬁﬁ%nndridae) AF058946 this study
_(Lﬂ:gllggglgli,d‘;{)ifgggmirskiidac) AF058947 this study
(Haploscrerida: {cbomisidac) AF058948 this study

F :{fgé'cif’e;?éﬁ”seggngi|lidae) AF058949 this study

(S—ﬁ; giﬁelﬁg;ipgifongillidac) AF058945 this study
PORIFERA: CALCAREA

((;{ :{g’;’l’: L(‘elraglggg:h'{ Clathrinidae) U42452 Cavalier-Smith. 1996
f&‘; g;(fr’;[igf.’gycettida: Sycettidae) L1087 Wainright, 1993
?‘L&ﬁ){gﬁg{:u é‘g‘éi;nida: Sycettidae) D15066 Kobayashi et al., 1993

(GenBank accession number U43190)); L1 (5°-
GGACTACGACGGTATCTGAT-3’; reverse,
universal (1008-1026)); R2 (5’-GTAGTGGC
CTACCATGGTTGC-3"; forward, sponge-speeific
(342-361)): L2 (5’-CTAATTTTTTCAAAG
TAAACGTCCCGA-3’; reverse, sponge-specific
(749- 777)).

The primers were synthesised by H-phos-
phonate method. Two overlapping fragments of
the 18S rRNA gene (400bp each) were amplified.
A 25ul PCR reaction mix contained 2.5pl of
10xPCR Buffer (Promega). 3pl of MgCl,
(25mM), 0.5pl of each primer (10pmol/pl), 11l
of ANTP mix (100mM each), Ipl of DNA
(~0,1pg), 0.2pl of Tag DNA polymerase, 25l of
ddH,0. Cycle parameters were: initial denatur-
ation at 94°C for 120secs, followed by 40 cyeles
of denaturation at 94°C for 60secs, anneling at
45°C for 60secs, and extension at 72°C for
60secs, followed by a final extension of 8mins at
72°C. About 6 tubes of each PCR reaction were
purified by electrophoresis in low melting
agarosc. PCR fragment purification was carried
out twice with equal volume of phenol, followed
by precipitation by 2 volume of ethanol and 0.1
volume of 10M ammonium aeetatc and washing
in 70% ethanol (Sambrook et al.. 1989). PCR
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Lubomirskisa CGGGTGACGGACAATTSGGGTTCGATTCCGGAGRGCGAGCCTGAGALACGGCTACCAC

Swartshewskia ....... S T R
$pongirlla  ....... e e e e e e e e e
Ephydatia .ttt iiiineceocenaonnns e e e e e e e e e e e
Halichondria ................ A e i i e Leterrteesr e

Lubomirskia CCAAGGAAGGCAGCAGGCGCGCARATTACCCAATCCCGACTCGGGGAGGTAGTGACAL
SwartshewsKla .. ..ot iinteeoooecoonecncoanssonnss e e ie e e
Spongilla L e i e i ee e e e e e e ses
Ephydatia  ....0000.0 et e e T
HalichoNdr 18 o vs e tnecoaeceeeeoaasunrosenososeonssssasonsssssosasnsasas

Lubonirskia AATAACAATGCCGGGCTATCTTTAGTCTGGCAATTGGARTGAGAACAATSTAAATACT

SWATTSHEUSKIA o) et venieinreneneeesoanenns [P Y o N
Spangirlla c et et iseeereass e er s sene e anan oot totoeossessnssossssnnsnnns
Ephydatia ..... e e e e e e et 4l et ec et e ces e ss i acescanssenncs
Halichondrl& .o.esveserosocrssres—sGaooorecesnscecnnaens Teeonn Coonn C..

Lubomirskia DACGAGGALCAATTGGAGGGCAAGTCTGGTGCCAGCAGCCGCGCGTALTTCCAGCTCCA

BWartshewsKI1a oo ottt ittt it e i i e f et teeeeentaan
Sponaalla ........ e e i e e e e
Ephydatia e, e e e e e e [ e
Haliohoridl At oot i vieee o neoonstneeesesesoanasasasesoenenasaesasnnnnss ..

Lubomirskia AGCGTATATTAAAGTTGTTCCAGTTAAAAAGCTCGTAGTTGGATTTCGGGGCAGGAGG

SUAFESHRWSKIA ...t eeeeeosnoenoceanocannss T .
Spongilla L. iiieciiciecnn [ T T R S Leceseest ittt et
EPhYdali®  ie ittt tieteeeoeeeoaassoecaseaossssasasacona e P
Halichondria ............ fe st sie et e e TG.CCT.

Lubomwicrskia CGGTCCGCCGAAAGGT RGGTACTGGACGCCAGCCCTTTTTCTCGAAGGCCCCATC TGS

Suartshewskia ....o.ceeeenencenns e e e e e e e
Spongilla Toeeenn. e ee Chivennnnan e e e L
Ephydatia e e e e et e e
Halichondria T....... —— e Ghovvooo . T.AG.CLL vt [of o ) WY 7

Lubomirskia TTCACTS-AGTGGTAGGGSAGTTCGGGACGTTTACTTTGAALARATTAGRAGTGTTC AL

Susrtshewskia ....... R Leecerete it ettt sc et et et .
Syongilla P N e e e e e e e e cees
Ephydatia ...... P it eeic et e e e e

Halichondria «.eeseeToeseeelieeTereirocosscsecoinsossasssrsnnssaarsssns

Lubonirskia CAGGCCSTCGCTTGAATACGTTAGCATGGAATAATGGAATAGGACTTCGGTTCTATTT

Swartshevskia ........ b et et e e eeee e e et a e
Spongilla  L.....0.-. O e
Ephydatia T I I IR IR
Halichondrisa ..... TA....Coovva oo, et [ o T

Lubonirskia TTGGTTTC TGGGACCGAAGTAATGATTAAGAGGG ACAGTTGGGGCCATTCGTATT AL

Swartshewskia ........... e e e e e e e e e
Spongalla e e e i tee et a et e a st e e e aea e tane e aas e e ee e
Ephydatia e e e e e e e e e e e e e f e ie e e

Halichondrfla .«v:vesooaleeGuauereieoraoansessessossossasososssnsnnsans 1

Lukomirskia GTCAGAGGTGAAATTCTTGGATTTATGGAAGACGARCAACTGCGAAAGCATTTGCCAA

Syartsheuskia ......cieeereaenn Citteerneenaneaconnnconns e e e
Spongilla e e R hee st icect ittt ene
Ephydatia T I .
Halichondf 18 —=..iiiieieieoeenenannnannns Rovevienn. A e

Lubomirskia ATGTTTTCATT

Swartshewskia ...........
Spongilla
Ephydatia ..... e
Halichondria ....cccoc..

F1G. 1. Alignment of partial 18S rDNA sequences (630 bp) obtained. Only nucleotides that differ from those of
Lubomirskia abietina are indicated (identities are denoted by points and deletions by hyphens). GenBank
accession numbers are: Halichondria japonica AF038946, Lubomirskia abietina AFO38947, Swartschewskia
papyracea AF05894R, Spongilla lucustris AF058945 and Ephydatia muelleri AF058949.



fragments wcre sequenced on
both strands using fimol DNA
sequencing System (Promega)
according to the published
protocol. Cycle parameters
were: initial denaturation at
95°C for 120secs, followed by
30 cycles of denaturation at
95°C for 30secs, anncling at
42°C for 30secs, and cxtension
at 70°C for 60 secs. The struc-
tures obtained were aligned
manually with the help of the
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Ephydatia
8|
o1 | Lubomirskia

100 Swartschewskia

-~ Spongilla

Microciona
87

93

Axinella

d

100

GeneTools package (Resenchuk,
1991). Neighbour-joining an-
alysis was derived using Al
Treecon for Windows (Van de Key
Peer, 1994). The distance

estimation was carried out
using the formula of Kimura

Tetilla

Clathiring

99

Scypha cal.

100

Scypha cil.

Para

(1980). Bootstrap values were
calculated from 100 replicates.
Parazoanthus axinellae was
used as the outgroup. Programs
SEQBOOT, DNAPARS and
CONSENSE of PHYLIP 3.5¢
package (Felsenstein, 1995) were used to
construct maximum parsimony trees. Bootstrap
analyses with 100 replications were carried out.

RESULTS AND DISCUSSION

We obtained partial 18S rRNA gene sequences
{~630bp) for five species of Ponfera. GenBank
accession numbers are as follows: Halichondria
Japonica (AF058946), Lubomirskia abietina
(AF058947), Swartschewskia papyrucea
(AF058948), Spongilla lacustris (AF058945) and
Ephydatia muelleri (AF058949). Two specimens
of each species were used to obtain sequences.
All structures were aligned successfully, and
common length of alignment was 630bp (Fig. 1).

There are a few nucleotide differences between
18S rDNA structures obtained for freshwater
sponges compared to those from marine sponges.
Sequences from the marine sponge H, japonica
have many more transitions/ transversions cvents,
and insertion/deletion events were observed only
this species. Lubontirskia and Ephydatia show no
nucleotide differences in their 185 rDNA
sequences, indicating a very high level of genetic
relationships between them.

To study the molecular relationships between
freshwater and marine sponges, sequences from

F1G. 2. Phylogenetic relationships of the Lubomirskiidae, Spongillidae and
other Porifera based on neighbour-joining analysis of 18S rDNA (630bp).
Bootstrap percentages are shown at the nodes for 100 resamplings.
Parazoanthus axinellae used as the outgroup.

other Porifera available from GenBank (see
Table 1) were included in the alignment,

Figure 2 shows a tree obtained by neighbour-
joining analysis with Parazoanthus axinellae as
the outgroup. High bootstrap values show that all
clusters are statistically significant. Spongilla,
Lubomirskia, Swartschewskia and Epliydatia
form a common clade. A sister branch formed by
Axinella and Microciona is the most closely
situated to this clade. Parsimony analysis.
performed on the basis of these sequences,
provides a similar topology (not shown here).
These data confirm that freshwater sponge
genera form a closely related group and, except
for Axinella and Microciona, Halichondria and
Tetilla, also refer to the neighbouring cluster.

Thesc molecular data are in accordance with
the notion of a close relationship between
endemic and cosmopolitan faiilies. They do not
support the idea that Lubomirskiidae has an
independent origin from Spongillidae. These data
also suggest that the assumption of Racek &
Harrison (1975), that endemic genera in the
ancient lakes appeared independently of the
cosmopolitan fauna, is invalid as far as Baikalian
Lubomirskiidae is concerned.

Branch length shows that divergence of Lubo-
mirskiidae and Spongillidae took place much
later than divergence of their common ancestor. 1t
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provides support for Efremova (1981) that
Lubomirskiidae is not a relic fauna, but a
flourishing group of Lake Baikal organisms. This
also confirms Talievs’ (1955) opinion about the
relatively fast evolution of the Lake Baikal fauna.
It will be interesting to check this assumption
using palaeontological studies of sponge spicules
in the bottom sediments of Lake Baikal.

It is possible that the scenario of Baikalian
sponge fauna formation is similar to that of the
Baikalian Turbellaria, which is closely related to
cosmopolitan species (Timoshkin, 1995). Thus,
although a part of Lake Baikal tauna really has
marine origin. Baikalian sponges have a typical
freshwater origin,

However, as the evolution of animal 18S tDNA
is non-clock-like, it is advisable to conduct
investigations into the cytochrome oxidase genes
whose sequences are not yet available for
Porifera. This study would allow estimates to be
made of divergence times between Lubo-
mirskiidae and Spongillidae. Our tree also
demonstrated an earlier divergence of Spongilla
from the common branch of freshwater sponges.
However, the few freshwater genera yct
analysed, and insufficient variability of 18S
rDNA, does not yet provide any unequivocal
support to hypothesise relationships between
certain freshwater genera. To study relationships
between closely related freshwater genera, we
need data from more variable regions of the gene.
Work on internal transcribed spacers (1TS1 and
1TS2) is currently in progress. Trochospongilla is
likely to be a possible direct ancestor of
Lubomirskiidae. This genus has no microscleres,
and spicules have maximal mutability. Accord-
ing to preliminary data, Axinella, Microciona,
Halichondria and Tetilla are the most closcly
related to the present freshwater sponges. 1t is
probable, however, that obtaining new data on
the other marine sponge sequences, for example
other Haplosclerida, will substantially change
the scheme presented here.
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